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Abstract 
Tobacco and alcohol consumption, excessive sun exposure and lack of physical exercise are important risk factors for cancer. In 
fact, more than half of cancer cases are due to wrong behavioural options; if everyone adopted a healthier lifestyle, cancer 
incidence would fall dramatically. Information campaigns are critical to raise cancer awareness but they simply are not enough to 
promote behaviour change. 
The main purpose of the work presented in this paper is to develop a smartphone app, capable of inducing behaviour changes on 
individuals. A cancer prevention app called Happy was designed and is currently being tested. Preliminary results from a 
feasibility study show that Happy might be an effective health promotion app, capable of persuading users to change their 
behaviour towards cancer prevention. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Background 
Estimates show that, by the year 2030, cancer will affect more than 26 million people worldwide and over 17 
million will die from the disease 1,2. Behaviours like smoking, drinking alcohol, physical inactivity, inadequate sun 
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exposure and a poor diet can seriously increase the risk of cancer. In fact, it is estimated that more than half of all 
cancers are due to wrong lifestyle choices 3–6. The European Code Against Cancer 7 states that many aspects of 
general health can be improved and many cancer deaths would be prevented if we adopted a healthier lifestyle. 
Individually, everyone should follow these cancer prevention guidelines to reduce their personal cancer risk. People 
have generally favorable attitudes towards healthy behaviours and might even consider following these guidelines; 
however, they often lack the skills needed to maintain it as part of their daily routine 8. Behaviour change is a very 
challenging process. 
Smartphones can be helpful tools to induce behaviour change. Like all mobile phones, they are personal, portable 
and always connected. Smartphones are also becoming ubiquitous, allowing extended interventions with relatively 
low implementation costs 9. Using the various built-in sensors, they can “sense” time, location and even physical 
context in real time and tailor messages to the users’ behaviour needs. Several studies have suggested that behaviour 
change is possible using smartphones. They have been used successfully in several interventions ranging from 
smoking cessation, to weight loss and disease management 9–12. However, the large majority of these interventions 
rely on basic communication technology such as short message services (SMS). Smartphones have several 
embedded sensors that offer more complex and powerful capabilities. The potential of smartphones in behaviour 
change interventions hasn’t yet been fully explored 11. 
2. Happy: Health Awareness and Prevention Personalized for You 
Happy is a cancer prevention smartphone app that aims to persuade users to change their behaviour, making 
healthier choices, thus reducing their personal risk of developing several types of cancer.  
Happy uses the Fogg Behavior Model 13–15 as a theoretical framework, focusing on the persuasive power of 
triggers. It also uses several strategies based on different behaviour change techniques such as barrier identification, 
prompting, social support, social comparison, and behaviour modeling 16.  
2.1. Target population 
The target population of this app is composed of healthy Portuguese young adults, with ages between 18 and 35 
years old. The choice of a young population is due to two different reasons: (1) Cancer prevention should start at an 
early stage of life (due to the effect of long exposure to risk factors) 3; (2) Almost all individuals included in this 
population own at least one mobile device 17. 
2.2. App features 
Happy is based on the principle of tailoring, i.e., using information on a given individual/profile to determine 
what specific content he or she will receive 18. Thus, when users access Happy for the first time they are required to 
answer a behaviour assessment questionnaire. The data collected allows the definition of the user profile and 
determines the current level of cancer prevention, called HappyScore (Fig. 1-A). HappyScore is represented on the 
landing page allowing the users to self-monitor their behaviour in a glanceable way. This strategy as proven to be 
effective in influencing health behaviours in other contexts 19. HappyScore is calculated using weighted values for 
different cancer behavioural risk factors (Table 1). The resulting score ranges from 0 to 150: the highest the 
displayed number, the better the overall behaviour is in terms of cancer prevention. The user profile is also used to 
tailor health messages to each individual. Tailored messages (Fig. 1-B) are expected to be the triggers of behaviour 
change. The messages are tailored accordingly to the users profile, influenced by users previous behaviour and take 
into account users context (location, time of day, week and month, weather conditions). The effort of tailoring 
messages to the users profile and context has been proven successful in other behaviour change interventions 20,21
and is, therefore, a core feature of Happy. Messages target specific behaviours and follow the European Code 
Against Cancer guidelines 7.  
Happy also allows behaviour tracking. Users can track their behaviour by answering behaviour questions that are 
sent to them periodically by the app or by deliberately entering behaviour data. These behaviour assessments are 
used to recalculate the users HappyScore and change the user profile over time, allowing the tailoring to occur 
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concurrently to the changes in behaviour. At any given time, users can explore the Statistics section (Fig. 1-C) of the 
app and assess their behaviour. Statistics are the graphic feedback of behaviour tracking. It is mainly a self-
assessment and motivational tool. Graphic feedback will help people reflect about activities patterns and may help 
them change their behaviour 22.  
      
Fig. 1. (a) HappyScore (app landing page); (b) Tailored message; (c) Statistics. 
     Table 1. Contribution of behavioural factors and indexes to HappyScore. 
Behavioural factors and indexes Description Points 
Smoking Number of smoked cigarettes per day. From 0 to >25 cigarettes. - 35 to 0 
Alcohol consumption Number of alcoholic drinks consumed per day. From 0 to >1 drinks 
(Female); 0 to >2 drinks (Male). 
-5 to 0 
Fruit and vegetables 
consumption  
Number of portions of fruit and vegetables consumed per day. 
Range: 0 to ш5 portions. 
- 20 to 0 
Unhealthy foods consumption Number of portions of unhealthy foods consumed per day (red 
meat, processed meat, and fatty foods). From 0 to >3 portions. 
- 10 to 0 
Diet quotient Ratio between portions of fruit and vegetables and portions of 
unhealthy foods (Cut point: 0.9). 
- 8 to 0 
BMI Body mass index calculated using height and current weight. From 
underweight to obesity. 
- 15 to 0 
Physical activity level Physical activity level as measured by the International Physical 
Activity Questionnaire, short form 23. From low to high. 
- 5 to 0 
UV radiation exposure  Number of sunburns last year. From 0 to >1. - 2 to 0 
HPV and HBV vaccination  From “no vaccination” to “HBV and HPV vaccination” (Female) or 
“HBV vaccination” (Male) 
0 to 20 
Cervix cancer screening  Cervix cancer screening enrolment according to national guidelines 
24. Only applies to female. From “no screening performed” to 
“currently screened”. 
0 to 10 
b a c 
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Self-exams Skin, breast (female) and testicular (male) self-exams performed. 
From “no self-exam performed” to “all self-exams performed”. 
0 to 30 
  
HappyScore = 100 + (sum of all points)
  
2.3. General architecture 
Happy’s general architecture is supported by the smartphone and its sensors (date and time, GPS and 
accelerometer) and a server (that acts simultaneously as a web server and a data repository) linked to the messages 
database, enabling the connection to a set of APIs (Application Program Interfaces), namely World Weather Online, 
and Google Maps services. The smartphone’s embedded sensors detect and feed data (GPS coordinates, device 
movement, date and time) to Happy. The app then processes this data using the World Weather Online and Google 
Maps API to generate significant contextual data (weather conditions and location). The smartphone transmits the 
data to the remote server where it is bundled with the user profile (previously stored in the server). This data set is 
then used to search the message database and select the message that is best suited to the user profile and current 
context. The selected message (tailored message) is then sent to the smartphone and presented to the user in the app.  
Behaviour data entered by users is also sent to the server where it is registered and used to recalculate the 
HappyScore and statistics. These values are then sent to the smartphone and presented graphically to the user. All 
entered data is stored in the server and mapped into the user profile, dynamically adjusting the subsequent messages 
sent to the user. Hypertext Transfer Protocol (HTTP) is used in all data transmission between the smartphone and 
the server, which means that the smartphone must have an Internet connection service such as General Packet Radio 
Service (GPRS), 3rd generation (3G), 4th generation (4G) or a wireless local area network. If the smartphone is 
temporarily disconnected from the Internet, all entered data will be stored locally and sent to the server when the 
connection is restored, updating all data values. Happy runs on Android OS and iOS, the two most commonly used 
smartphone platforms.  
2.4. App development 
Happy was developed iteratively through a series of steps, described below. 
Requirement analysis: three focus groups with healthy Portuguese young adults (n=16) were conducted to 
explore: 1) prior experiences with health-related apps, 2) points of view concerning currently available health-
related apps, 3) points of view concerning desired features in a health promotion app and 4) opinions on what 
features mostly influence long term usage of health promotion apps. Based on the focus groups analysis, a 
questionnaire was designed and applied online to a larger sample (n=798) of healthy Portuguese young adults. The 
results were analysed and a set of specific guidelines was produced for the design and development of the cancer 
prevention app. 
Prototype development: based on the resulting guidelines of the requirement analysis step, as well as on the 
scientific literature, a functional prototype of Happy was developed. 
Usability test: a usability test was performed to test Happy’s ability to be used by real users in real contexts. Ten 
volunteers performed seven tasks in the app and then answered a usability questionnaire. The Think Aloud Method 25
was used to further extract information from the users performance. Three usability problems were identified during 
the test. Solutions to overcome these problems were embedded on the prototype. Overall, Happy’s usability test 
results were very good deeming this app as simple and easy to use.  
Feasibility study: Happy was field tested during a 28-day trial period by 32 volunteers. The results of this study 
are presented in the next section of the paper. 
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3. Feasibility study 
3.1. Methods 
Individuals were recruited via e-mail and a Facebook announcement. Interested participants were required to 
answer an online survey. Potential participants were included if they were: (1) 18 to 35 years of age, (2) Android or 
iOS smartphone users. Selected participants were instructed to download and install the app on their personal 
phones, and register in the system by answering the initial behaviour assessment.  
Participants were informed that the app would send one message per day and would prompt them to answer a 
behaviour question at the end of each day. Participants were instructed to use the app for 28 consecutive days (4 
weeks) and were required to answer an online questionnaire at the end of this period. The questionnaire was 
designed to assess feasibility and perceived impact of the app. 
3.2. Results 
3.2.1. Feasibility 
Thirty-two participants used the app during a 28-day trial. On average, during the 28-day trial period, there were 
13 (40.6%) active users per day (Fig. 2). Each session, i.e., each user interaction with the app, took on average 31 
seconds. 
Fig. 2. Daily users and session length during Happy’s 28-day trial period. 
Participants were prompted by the app to answer a behaviour question at the end of each day. On average, each 
user entered behaviour data in 12 occasions (41.0% of the app prompts). However, 56.0% of the occasions, they 
answered more than one question.  
3.2.2. Perceived impact of the app 
The majority of participants agreed that the app could have a real impact in cancer prevention (Fig. 3).   
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Fig. 3. Perceived impact of Happy (average score). 
In fact, self-reported behaviour data showed a slight improvement in some cancer prevention behaviours which, 
in terms of overall cancer prevention, contributed to a 7 points rise in the average HappyScore during the 28-trial 
(Fig. 4).  
Fig. 4. Average HappyScore during the 28-day trial (week averages). 
A repeated measures ANOVA analysis showed that the change in HappyScore was statistical significant 
(P=0.031). 
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3.3. Discussion 
This study showed the feasibility of a behaviour intervention delivered by smartphone designed to persuade users 
to change their behaviour towards cancer prevention. Results revealed that, on average, participants interacted with 
the app in 12 different occasions during the 28-day trial. This suggests that user engagement was low. Given that 
Happy was used in real life settings, this is not surprising albeit disappointing. In fact, previous research on mobile 
health apps has also shown that about 75% of app users open it fewer than 10 times 26. On the other hand, users 
inputted more behavioural data than that requested by the app in half of the occasions. Similarly, tailored messages 
were sent to participants everyday as push notifications. There was no need for the user to open the app to read 
them. As such, user-system interaction might be underrepresented in the results.  
Our findings also indicate that Happy might be an effective way to promote cancer prevention. The majority of 
participants agreed that the app might increase cancer awareness and knowledge, and even motivate users to change 
behaviours. This seems to be corroborated by the data collected during the 28-day trial as there was an increase in 
the average HappyScore by 7 points. These preliminary results seem to indicate that an intervention delivered by 
smartphone can effectively promote behaviour change towards cancer prevention. 
4. Conclusion 
Cancer incidence could be reduced to half if populations adopted healthier behaviours. Behaviour change, despite 
being a very difficult task, can be achieved with proper strategies. Smartphones can be very useful tools to empower 
people and help them make healthier choices providing the support needed to behaviour change.  
Happy is a smartphone app that aims to promote cancer prevention behaviours. It has been shown that Happy is 
simple and easy to use. Preliminary results from the feasibility study show that it might be an effective tool to 
persuade users to change their behaviour towards cancer prevention. 
4.1. Future research directions 
Cancer prevention through behaviour change relies upon performing healthy behaviours for the rest of people’s 
lives. Thus, long-term use of Happy is essential for the success of the underlying intervention. The feasibility study 
results showed that user engagement was low. Consequently, refinements will have to be made to the app to further 
engage users with Happy. This will include adding two new functionalities: challenges and social. Challenges are 
healthy challenges meant to further engage users with the app. The challenges will be optional and users can enrol 
them voluntarily. They will be designed to give small achievable goals to boost users’ motivation and help them 
reach desired behaviours. Each completed challenge will have a score and can be used for comparison purposes with 
other users. Social will display all users that are added to the user’s social network. It will allow users to 
communicate with other users in an individual, group or app community level. This feature will be designed to boost 
online support and competition between users. In order to leverage existing online social interactions, Happy will be 
integrated with the most widely used social networking system: Facebook 27. This will be done using Facebook’s 
open application-programing interface (API) that allows access to functions for online interaction to third party 
apps. 
Happy will then be used in a large-scale intervention to evaluate its effectiveness. This will allow an in-depth 
analysis of the real capabilities of Happy to induce behaviour change in users and, thus, contribute to cancer 
prevention.
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